The superficial extensor tendons of the fingers are connected by juncturae tendinum (JT). JTs are of three types namely JT-1, JT-2, and JT-3. JT-3 are very thick with maximum occurrence in fourth intermetacarpal space (IMCS), where it is associated with agenesis of extensor digitorum communis to small finger (EDCs). Awareness of frequency and morphology of JT is essential in surgical repair of tendon injury. Methods JTs were dissected in 80 free adult cadaveric upper limbs and 32 fetal upper limbs of 16 stillborn and embalmed fetuses present in the department. The pattern and frequency of JT was studied. Frequency of JT-3 in association with agenesis of EDCs was looked into. The length and width of JT were measured and analyzed using ANOVA and post hoc analysis. Results JT-1 and JT-2 were commonly observed in the second and third IMCS, respectively. JT-3 had a maximum frequency in the fourth space and was observed in 78.37% of cases of agenesis of EDCs. A gradual increase in length and a decrease in the width of JT were observed from JT-1 to JT-2, JT-3r, and JT-3y. Conclusion JTs are absent in the first IMCS and in 6.25% of second IMCS. The commonest pattern of distribution of JT in the second, third and fourth IMCS is JT-1, JT-2, and JT-3, respectively. JT-3 is the longest and thickest JT, and partially compensates for agenesis of EDCs. The structural resemblance to tendons enables JT-3 utilization for a tendon graft.
Introduction
Extension of the medial four fingers of the hand occurs simultaneously due to the connections between the tendons of extensor digitorum communis (EDC) and extensor digiti minimi (EDM). These connections are called juncturae tendinum (JT). They do not connect with the tendon of extensor indicis proprius or with the tendons of the thumb. Clinically, they mask tiny lacerations in the tendons and allow extension of the fingers as a single entity. [1] [2] [3] Three distinct morphological types of JT are described. Thin filaments of connective tissue are type 1 juncturae tendinum (JT-1), thicker bands of connective tissue are type 2 juncturae tendinum (JT-2), and very thick connections similar to tendons are type 3 juncturae tendinum (JT-3). Depending upon the shape, JT-3 is subdivided into 3y and 3r.
When the JT bifurcates into two slips for the adjoining tendons (resembling "y" shape), it is said to be 3y. If the JT is obliquely placed arising from one tendon (base tendon) and joins with the other, then it is considered to be 3r. 4, 5 JT-1 is more common in the second intermetacarpal space (IMCS), JT-2 and JT-3 in the third and fourth spaces, respectively. JT-3r is reported to have higher frequency compared with JT-3y. 6 In the fourth IMCS, JT-3 are more frequently seen in association with absence of extensor digitorum communis small (EDCs), which is undergoing phylogenetic reduction. JT-3 are thick and bear structural similarity to tendons and are suitable for autogenous tendon graft. 7 Knowledge of different types, frequency, and the size of JT provides the surgeon a better edge while contemplating tendinoplasty and reconstruction surgeries. There is paucity of literature on the morphology and morphometry of JT, especially in the fetuses.
Hence, this study was conducted to have a comprehensive knowledge of the frequency, pattern, morphology, and morphometry of JT in both adult and fetal hands.
Materials and Methods
After obtaining ethical clearance, the study was conducted in the Department of Anatomy, Pushpagiri Institute of Medical Sciences and Research Centre, Thiruvalla, Kerala, over a period of 24 months from June 2017 to May 2019. Study was conducted on 80 free human cadaveric upper limbs, and 16 embalmed stillborn term fetuses (32 upper limbs) that were available in the department. Upper limbs with deformities and soft tissue swellings were excluded from the study.
The dorsum of the hand was dissected following the method of Cunningham's Manual. The tendons of EDC and EDM were identified, and the connections between them were studied. The JT were studied with respect to their morphology, frequency and pattern of distribution in the IMCSs, and their shape and size. JT in the fourth space were observed for any association with agenesis of EDCs.
The length of the JT was measured as the intertendinous distance at its midpoint. Its width was measured as the distance across the JT, perpendicular to its length, taken at its midpoint. Measurements were taken using Vernier calipers and recorded in millimeter. Data were analyzed and presented as percentages, frequencies, and mean with standard deviation. Comparison of size of JT among multiple groups of variables was performed using one-way analysis of variance (ANOVA). If the difference among the group was significant, post hoc analysis (Tukey's HSD test) was performed to identify the pairs of variables which showed significant differences.
Results

Pattern and Frequency of Juncturae Tendinum
The distribution of different types of JT in the IMCS in adult and fetal hands is given in ►Table 1. JT were absent in the first IMCS in all the adult and fetal cadaveric specimens studied. In the second IMCS, agenesis of JT was observed in 6.25% of adult and fetal limbs (►Figs. 1 and 2). The commonest type of JT observed in the second, third, and fourth IMCS were JT-1 (83.93%), JT-2 (51.79%), and JT-3 (77.68%), respectively (►Figs. 3-5). Among the two subtypes of JT-3, 3r were found to be more common than 3y in both the third and fourth spaces.
Relation between JT-3 in the Fourth IMCS and EDCs Tendon
In both adult and fetal hands, JT-3 in the fourth space connected the tendon of extensor digitorum communis ring (EDCr) with that of EDCs when present. When EDCs was absent, the JT were seen connecting EDCr tendon with that of EDM. JT-3 were found to be associated with absence of EDCs in 76.74% of adult hands and 80% of fetal hands.
Size of Juncturae Tendinum
JT were noticed in 75 adult limbs and 30 fetal limbs. The mean length and width of the different types of JT are given in ►Table 2.
In both adult and fetal hands, JT showed an increase in length from JT-1 to JT-2, JT-3r, and JT-3y, which carried no statistical significance. At the same time, a decrease in width was observed from JT-1 to JT-2, JT-3r, and JT-3y. The decrease in width was found to be significant from JT-1 to JT-3 (both subtypes) in the adult hands. But in the fetal hands, significant decrease in width was found only from JT-1 to JT-3r, but not JT-3y (probably due to smaller sample size). Side and sex (only in fetus) differences were not significant.
Irrespective of the type, the length and width of the JT in the second, third, and fourth IMCS were analyzed in both adult and fetal hands, and the results are given in ►Table 3. The length of JT did not show any significant differences among the spaces. But the width of the JT, showed a gradual significant decline from lateral to the medial spaces.
Discussion
Juncturae tendinum are bands of intertendinous connections that connect the tendons of EDC and EDM with each other. Different classifications of JT have been given by several authors, namely, (1) thin sheets of filamentous connective, thicker bands of connective tissue and very thick 5, 8 The findings in our study were closer to the description given by von Schroeder et al, which was followed in most of the subsequent studies. Hence, we followed the classification described by them. JT-1 are not to be confused with intertendinous fascia, a transparent layer of connective tissue connecting the tendons of EDC with each other and with extensor indicis proprius, but not with EDM. These fascia were present between all tendons of EDC irrespective of presence or absence of JT.
Functionally they carried no significance, as they do not affect the extension of adjacent digits.
JT help in distributing the extensor forces equally among the tendons connected by them and prevent independent extension of the fingers. They also help in bridging and minimizing the effects of the lacerated tendons. They play an important role in spacing of the tendons and their identification during surgery, especially in cases of traumatized hand with supernumerary tendons and multiple tendon lacerations. 4, 9 In the present study, JT were absent in the first IMCS in all the specimens studied. This is similar to the findings obtained in earlier studies. [1] [2] [3] 5, 9, 10 Absence of JT in the second IMCS in the present study was 6.25%. This value was closer to that reported by Shishirkumar and Shivarama (10%) 3 and Dass et al (13%) 9 but far less than that quoted by other auth ors 1,2,5,8,10 (►Table 4).
Agenesis of JT in third and fourth spaces was reported by some authors ranging from 3 to 44%. 2, 8, 10 But we observed JT in all the adult and fetal hands in the third and fourth spaces similar to the studies of Dass et al, 9 Palatty et al, 5 and Shishirkumar and Shivarama 3 (►Table 4).
Rajan et al 2 and Shishirkumar and Shivarama 3 reported absence of JT-1 in the fourth space. But we noticed JT-1 in the fourth space (6.3%) and was also reported by other authors. 1, 5, [8] [9] [10] JT-2 were found to be absent in the second space by certain authors like Hirai et al, 8 Yamuna et al, 1 and Shishirkumar and Shivarama. 3 But in the present study, JT-2 in the second space were noticed in 9.8%. JT-2 in the second space were also reported by several other authors 2,5,9,10 (►Table 4).
Combining the data obtained from both adult and fetal hands, the commonest types of JT observed in the second, third, and fourth IMCSs were JT-1 (83.93%), JT-2 (53.12%), and JT-3 (77.68%), respectively. JT-3 were absent in the second space in all the adult and fetal hands, similar to the observations of all the previous studies. In the fourth space, JT-3r were found to be more frequent than JT-3y (►Table 1). These results were similar to and comparable with those of previous studies, most of which were conducted on adult cadaveric hands (►Table 4).
Observations on the fetuses could be compared with only one study done by Palatty et al in 2014. 5 In the fetal hands studied by them, they observed JT-3 in fourth space only, and all of them were 3r. In contrast, we observed JT-3 (both 3y and 3r) in the third and fourth spaces (►Table 1), and their frequency was comparable to that obtained in the adult hands.
Though the frequency and distribution of the JT had been studied by several authors, the size of JT was reported only by Palatty et al in the recent past (2014). 5 In the present study, in both the adult and fetal cadaveric hands, the length of the JT showed a gradual increase from JT-1 to JT-3y, with a simultaneous gradual decrease in the width. These findings are similar to the findings obtained by Palatty et al. 5 However, the JT noticed in the present study had a smaller length and greater width compared with those studied by Palatty et al 5 in both adult and fetal specimens (►Table 5).
Literature review suggests that EDCs is undergoing evolutionary reduction. Absence of EDCs is compensated by presence of a separate muscle to the little finger (EDM), 5 and also by the presence of JT-3 (the longest and thickest JT) in the fourth IMCS. 1, 7 In the present study, JT-3 was seen in association with absence of EDCs in 78.37% of the specimens studied. This finding was similar to that reported by Govsa et al (71.05%). 7 JT-3 bear similarity to the tendons both structurally and histologically and are, therefore, best suited for local tendon donor graft in cases of surgical repair of lacerated extensor tendons. 7 JT fibers in the second IMCS run distally from extensor digitorum communis longus (EDCl) to extensor digitorum communis index (EDCi). But in the third and fourth spaces, they are less oblique and course distally from EDCr on either side to EDCl and EDCs/EDM. 3 Thus, the JT in the medial two ANOVA F = 1.6396 p = 0.1841 F = 1.5653 p = 0.2016 F = 0.8694 p = 0.4642 F = 0.9699 p = 0.4155 F = 5.823 p = 0.001 F = 8.815 p = 0.001 F = 2.75 p = 0.005 F = 4.614 p = 0.006
Post hoc (Tukey HSD)
Not done Not done Not done Not done 1 vs. 3r
(p = 0.01) 1 vs. 3y
(p = 0.01) 1 vs. 3r (p = 0.01) 1 vs. 3y (p = 0.01) I vs. 3r p = 0.01 I vs. 3y-NS I vs. 3r p = 0.01 I vs. 3y-NS ANOVA F = 1.597 p = 0.204 NS F = 0.9001 p = 0.4101 NS F = 17.679 p = 0.001 Significant F = 18.686 p = 0.001 Significant
Not done Not done II vs. III II vs. IV III vs. IV p = 0.01(S) p = 0.01(S) p = 0.05(S) II vs. III II vs. IV III vs. IV p = 0.66 (NS) p = 0.01(S) spaces run in mutually opposite directions, resulting in least independent extension of the ring finger. Similarly, independent extension enjoyed by the index finger is primarily attributed to the presence of extensor indicis proprius, and secondarily explained by the absence of JT/presence of very thin filamentous JT in the second space. 4 Literature review shows that JT plays a crucial role in stabilizing metacarpophalangeal joints. 1 Subluxation of the extensor tendons have been reported following transection of JT. Earlier studies have also suggested that JT prevent lateral subluxation of the extensor tendon in cases of rupture of the medial sagittal band of the dorsal digital expansion. 11 JT also play a great role in stabilizing the extensor tendon in total sectioning of radial sagittal band of the little finger. Previous studies have pointed that ulnar tendon dislocation without sagittal band rupture could be managed by JT reconstruction (quoted by Palatty et al). 5 Review of literature suggests that recurrent extensor tendon dislocation had been successfully treated with surgical reconstruction of dorsal aponeurosis with JT. Kang and Smith in 2001 noticed that reconstruction of JT resulted in good functional outcome in cases of tendon dislocation Table 4 Comparison of distribution of juncturae tendinum (JT) in different studies expressed as percentage due to congenital agenesis of JT (quoted by Palatty et al). 5 Previous studies have shown morphological and structural resemblance of JT-3 to the tendons. Presence of a capsule, high vascularization and high collagen content of JT-3 favor it as a local donor graft for tendon repair. 7 Knowledge of the frequency, pattern, and size of JT is imperative in considering surgical stabilization of extensor tendons, tendinoplasty, and reconstruction of dorsal aponeurosis. 3, 5 Extensor tendon lacerations during emergency caesarean surgery and good functional outcome following their surgical repair has been reported in literature. 12, 13 Prior knowledge of the size of JT in full-term fetal hands or neonates will result in better surgical outcome in such situations.
Limitation of Study
A bigger sample size of the fetuses would have been better for statistical analysis and interpretation.
Conclusion
JT are absent in first IMCS and in 6.25% of second IMCS. The commonest types of JT observed in the second, third, and fourth IMCS are JT-1, JT-2, and JT-3, respectively. JT-3r are more frequent than JT-3y. The frequency of JT-3 is maximum in the fourth IMCS and is more frequently associated with agenesis of EDCs. JT-3 are the longest and the thickest of the three subtypes of JT.
